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LUNAR EXPLORATION PROGRAM ~ 6 3  18863 
Unmanned Exploration of t he  Moon 

The uaanned lunar exploration progran has tile following basic objectives : 

the Moon by rough-landl& ~-:.auur"u..;m capsules A - -6in.g instrument 

- _  payloads on the ssrface cjf the  ldoon and by piacin; sclt... :L s-zruments i n  

our knowledge or' cislune, space (:he regie- 1: : - ,  ? v:itz _ _ & _  .- ".. . . ,,le Moon), 

the  environment a t  the i u a r  surface, and iae pl-;ysicd ar,C cheiiilcL- Ljroperties 

of t he  Moon; 3) t -A .  d e  informa I n kading to an undextarding of the 

or igin and h , Y L , . ~ ~  of t:ie Moon acC ;he so la r  azern; and 4 )  t - X G ~  re -,> ch- 

nological, sclentil ' ic, and operational support t o  subsequent manned lunar 

exploration. 

The sc i en t i f i c  experiments of the lunar pogram aEdi rec ted  toward the 

determination of the charac te r i s t ics  of the  lunar landscape and surface fea- 

surface and subsurface structure, phj: . properties, chc,,. a1 arid 

minerological composition the properties of the Moon as a p l a n e t a q  body, 
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and the  t h e m 1  h is tory  of the Moon. In addition, the Moon has a biological  

i n t e re s t  through the possible discovery of organic molecules, precursors of 

l i v ing  organisms, i n  the  layers of dust which have accuxulated on the lunar 

surface over many aeons of time. The chemical analysis of t h i s  surface dust  

m y  prove t o  be of immeasurable importance t o  the  biological  sciences and 

may provide clues t o  the  or igin of i i f e  on Earth. 

Ranger Project 

The Ranger ProJect consists of’ nine fii@ts using Atlas-&em B vehicles 

launched from the Atlantic Ivlissiie Range. Trie 0-verail o i Jec t~ . r e s  62 t h i s  

project  are (a) t o  create  and tes t  a new spacecraft design whose features 

can be exploite:: i n  the performance of lunar and inte2,lanetary f1i;li missions, 

and (b)  t o  use t h i s  spacecraft t o  perfom sc i en t i f i c  lnvestigations close t o  

and on the surface of the  Moon, and to study pa r t i c l e s  and f i e l d s  i n  in te r -  

planetary space. The nine f l i gh t s  are divided in to  three se r i e s  as follows: 

Ranger 1 and 2: The primary mission of the first two Ranger ;‘Lights ims 

t o  provide engineering tests of the  basic elements of the  spacecraft system 

and the  Deep Space Instrumentation Faci l i ty  (NASA world-wide tracking network). 

Secondary obJectives wexe t c  measlire significant charac te r i s t ics  of t he  in t e r -  

ianetary medium along the selected t ra jectory and t o  ascer ta in  the  performarlc, 
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of and gain operating experience with theAtlas-Agena B launch vehicle. For 

these flights, a nominal sixty-day, 7OO,OOO mile, highly-elliptical earth- 

satellite orbit was chosen. 

Tho R g n e n r  ~ m - n n n n - F . +  fZ+<  -.-A 
A-.05y~ u p - c b . r u r  v \ s A e u A b  z )> d e > - e l ~ p e ~  ZY t h e  jet Fi."suisiun ~ t ~ i ) -  

oratory, consists of a basic hexagonal structure, or bus, upon which are 

mounted the scientific instruments, together with that equipment required to 

provide attitude-control, communications, electrical power, and spacecraft 

environmental control. The spacecraft had a total injected weight of 675 lbs. 

Scientific instruments carried on the first two Ranger spacecraft included 

a solar corpscular detector, a rubidium vapor magnetometer, semi-conductor 

detectors and thin-walled Geiger counters, an ion chaaber, triple-coincidence 

telescopes, and a Lyman-Alpha scanner. 
8 

angers 1 and 2 were launched on August 23 and November 18, 1961, res- 

pectively. In both flights the Agena launch vehicle malf'unctioned during 

its second powered flight phase so that the Ranger spacecraft remained in 

close Earth orbits rather than being injected into the highly-elliptical orbit 

desired. 

\ 
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of  and gain operating experience with theAtlas-Agena B launch vehicle. For 

these flights, a nominal sixty-day, 7OO,OOO mile, h ighly-e l l ip t ica l  earth- 

s a t e l l i t e  o rb i t  was chosen. 

oratory, consists of a basic hexagonal structure,  o r  bus, upon whicn a re  

mounted the sc i en t i f i c  instruments, together w i t h  tha t  equipment required t o  

provide attitude-control, communications, e l ec t r i ca l  power, and spacecraft 

environmental control. The spacecraft had a t o t a l  injected weight of 675 l b s .  

Scient i f ic  instruments carried on the first two Ranger spacecraft included 

a so la r  corpscular detector, a rubidium vapor magnetometer, semi-conductor 

detectors and thin-walled Geiger co'cmters, m iorr chamber, triple-coincidence 

telescopes, and a man-Alpha scanner. 

Rangers 1 and 2 were launched on August 23 and November 18, 1961, res- 

pectively.  In both f l i gh t s  the Agena launch vehicle malf'unctioned during 

i t s  second powered f l i gh t  phase so that the Ranger spacecraft remained i n  

close Earth orb i t s  ra ther  than being injected in to  the highly-el l ipt ical  o rb i t  

de s i red.  
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The main o rb i t a l  parameters of the Ranger 1 flight were as  follows: 

apogee height: 312.5 s ta tu te  miles, perigee height: 105.3 s ta tu te  miles, 

period: 91.1 minutes, inclination: 32.9 degrees, l i fe t ime i n  o rb i t :  approxi- 

mately 1 week. The corresponding data for  Ranger 2 were: apogee height: 

145.7 s t a tu t e  m i l e s ,  perigee height: 94.9 s ta tu te  miles, period: 88.3 minutes, 

inclination: 33.3 degrees, l ifetime i n  o rb i t :  approximately 9 hours. 

In sp i t e  of the fa i lure  of the Ranger 1 f l i g h t  t o  accomplish a l l  of i t s  

objectives, considerable data were obtained on the performance of the space- 

c ra f t  and i t s  major subsystems. For example, the aerodynamic fa i r ing  and the & 

spacecraft separated properly from the Agena vehicle. The solar  panels opened, 

the high-gain antenna unfolded hnd the solar  instrumentation boom deployed. 

The spacecraft controller operated and sent a l l  ten  of i t s  programmed commands, 
4 

which were executed properly. The spacecraft att i tude-control system appeared 

t o  function, a t  l ea s t  as well a s  could be expected so close t o  the Earth. 

Acquisition of the Sun took place a t  leas t  once and so lar  power w a s  fed t o  

the bat tery.  There was a malfunction of the att i tude-control e l e c t r i c a l  con- 

ver te r  on tine second b y ,  but %his seemed t o  correct i t s e l f  subsequently. 
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On the third day, the attitude-control gas ras depleted. This was not 

surprising since the passage of the spacecraft into and out of the Earth's 

shadow on each orbit placed undue demands on the control system. The commu- 

nication system appeared t o  f'unction properly. Radio cammaMa to trzns,t-r 

transmitter output from the omni-antenna to the high-gain antenna were sent 

four times and were successfully executed. Hinge-override-commands were 

sent twice and were executed; a roll override cammand was sent and executed. 

The spacecraft temperatures appeared t o  be noma1 for these orbital conditions. 

A s  far as could be ascertained, the scientific instruments operated properly; 

however, the usefulness of the data is very limited since the ranges of the 

measured parameters were generally quite different than the design conditions 

because of the proximity to the Earth. Quite a bit of data was obtained from 

the spacecraft friction experiment. 

In the case of the second Ranger flight, the total amount of ~ t a  ob- 

tained was considerably smaller, since the spacecraft remained in orbit f o r  

only a few hours (about 6 orbits) before it reentered the atmosphere. The 

attitude-control system apparently ran out of gas very quickly because of 
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the  high tunbling r a t e  on separation, which resulted from the tumbling of the 
~ 

Agena, and because the spacecraft entered and l e f t  the Earth 's  shadow so 

r q i d l y -  Asain, however, the cormunication system, the spacecraft controller,  

and the in te rna l  power s y s t a  aspared t o  operate properly. The spacecraft 

f r i c t i o n  experiment yielded 25 excellent data points which correlate  very 

well with those obtained on Ranger 1. Pract ical ly  no useful data were ob- 

tained from the interplanetary experiments, however. The Deep Space Instru- 

mentation Fac i l i ty  (DSIF) performed b r i l l i a n t l y  i n  t h i s  exercise. A s  a 

r e su l t  of the Ranger 1 flight the stations became quite expert at  acquiring 

w.d tracking non-standard t ra jector ies ;  i n  f a c t  each s t a t ion  tracked every 

v is ib le  pass of Ranger 2. 

Ranger 3, 4, and 5: The next t h r e e  Ranger spacecraft a re  intended t o  

approach the Moon and rough land about 56 pounds of survivable payload. 

This se r i e s  of spacecraft has been designed f o r  the primary objective of 

gaining detailed data on lunar surface character is t ics .  Each spacecraft 

(Figure E )  has two major parts: a) the '%us", the basic hexagonal s t ructure  
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with power supplies, communications equipment, attitude-control, and 

midcourse guidance; and b) the 'Icapsule", a separable survivable 

instrument package, and its retrorocket. The total weight of t i e  

spacecraft is 750 lbs. 

The complete spacecraft will be launched on a lunar impact tra- 

jectory, and midcourse corrections applied to improve accuracy. At 

a suitable distance from the lunar surface the spacecraft will be 

properly oriented, and the landing capsule and retrorocket will be 

separated from the bus. The bus will continue on to crash into the 

Moon, but the retrorocket w i l l  decelerate the capsule, allowing it t o  

impact at a nominal speed not exceeding several hundred feet per second. 

A balsa-wood impact absorber cushions the landing shock to a level which 

can be sustained by the instruments. 

Experiments will be carried by both bus and capsule. The primary 

p . 4  

experiments on the bus will be&advanced vidicon camera system, a gamma- 

ray spectrometer, and a radar reflectivity experiment; the major experi- 

ment in the landing capsule will be a single-axis seismometer. 
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The spacecraft w i l l  complete i t s  te rmina l  maneuvers, including s t a b i l i -  

zat.ion and the establishment of a telemetry l i n k  with the tracking s ta t ion,  

before the T i i - s t  pictlrre i s  taken. Thereafter, one complete picture w i l l  be 

transmitted t o  the tracking s ta t ion  every 13 seconds, providing a t o t a l  of 

100 pictures  during the lunar approach. The first picture  w i l l  contain a 

f i e l d  of view 25 miles square with a resolution of 650 f ee t .  The f i n a l  

picture  w i l l  be of an area 2,000 fee t  square with a resolution of 10 f e e t .  

(The bes t  photographs available fram Earth telescopes have a resolution on 

the order of 2,000 f t .  ) 

The gamma-ray spectrometer experiment i s  intended. t o  deternine whether 

or not the Moon, l i k e  the Earth, has formed a crust  which contains a r e l a t ive ly  
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high concentration of naturally radioactive isotopes. This infomation bears 

on problems such as the foxmation of the Moon, the heat balance of the Moon, 

and the source of chondritic meteorites. 

The primary experiment i n  tiis l a n i i r ~  c q s u l e  i s  a seismometer t o  record 

moonquakes and other possible disturbances originating within the $icon, as 

well as impacts cr" meteorites. Seismic measurements can answer f'undamental 

questions about the in t e r io r  of the Moon aad provide clues t o  i t s  origin.  

The lunar landing capsule system is being developed f o r  the Jet  Propulsion 

Laboratory by the Aeronutronic Division of theFord Motor Company. Principal 

subcontractors are  Hercules Powder Company which provides the retrorocket and 

Wiley Electronics Company which su2plies the radar alt imeter used t o  t r i gge r  

the retrorocket. 

A t  t h i s  w r i t i n g ,  preparations are i n  process fo r  launching Ranger 3 

i n  ea r ly  1962. 

Rangers 6 - 9 

During t h i s  reporting period the  Ranger Project was extended by the 

addition of four flights t o  be carried out during calendar year 1963. The 
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primary mission for these f l i gh t s  w i l l  be t o  obtain very high-resolution t e l e -  

vision pictures  of the lunar surface. The spacecraft w i l l  be bas ica l ly  the 

same as  that used f o r  the previous three f l igh ts ,  except that the,retrocapsule 

w i l l  be replaced by a cluster  of six television cameras fixed t o  tne bus. The 

spacecraft weight for these missions will be about 800 lbs. The te levis ion 

system w i l l  begin operation a t  a distance above the lunar surface tha t  w i l l  

provide pictures of a resolution equivalent t o  present Earth-based photographs. 

Coverage will continue unt i l  impact, with the resolution of the last picture 

on the order of  0.2 t o  0.3 meters. A t o t a l  of about 1600 pictures  of  the 

lunar surface w i l l  be obtained. I n  addition t o  the television equipment, 

several  experiments for  studying the radiation environment around the space- 

c r a f t  during i t s  fl ight will also be provided. 

On July 24, 1961, a l e t t e r  contract was issued t o  Radio Corporation of 

America fo r  the developent and fabrication of  the high-resolution te levis ion 

system and associated electronics and communication equipment. The basic 

Ranger spacecraft will, as before, be supplied by the J e t  Propulsion Laboratory. 
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Surveyor Project 

The Surveyor Project includes two related spacecraft systems, namely' 

under contract t o  the Hughes Aircraft  Company f o r  a ser ies  of seven f l i g h t s  

w i t h  Atlas-Centaur vehicles launched from the Atlantic Missile Range. The 

primary objectives of the Surveyor Lander a re  t o  successfully accomplish the 

soft-landing of a number of sc ien t i f ic  payloads on the lunar surface, t o  pro- 

vide fo r  a minimum of 30 days (design goal: 90 days) of s c i en t i f i c  observations 

and measurements on the lunar surface, and t o  telemeter the data t o  Earth f o r  

reduction and timely disemination t o  the engineeri,q and sc ien t i f ic  community. 

The sc i en t i f i c  objectives of Surveyor a re  t o  provide close-up views of 

the lunar landscape, t o  measure the physical properties of the Moon, and t o  

analyze the composition of the lunar surface and subsurface i n  various selected 

maria regions v is ib le  from Farth. The sc i en t i f i c  measurements a re  intended t o  

a i d  i n  establishing a be@r understand- of the in te rna l  structure and compo- 

s i t i o n  of the Moon and i ts  loca l  atmosphere, and t o  obtain additional data that  
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may provide clues t o  the origin of the Moon and an understanding of the 

physical phenomena associated with the or igin o f  the solar  system. 

Additional objectives of the Project a re  t o  demonstrate the engineer- 

ing f e a s i b i l i t y  of lunar exploration w i t h  soft-landing spacecraft sys ius,  

and t o  contribute t o  the technology required f o r  the successful accomplish- 

ment of  eventual manned lunar landings and operations. 

To obtain maximum f l e x i b i l i t y  relative t o  the accommodation of selected 

sc i en t i f i c  instruments i n  various combinations, the spacecraft i s  designed 

t o  provide a re la t ive ly  simple and standardized interface between the bus 

and the sc ien t i f ic  mission payloads. 

The bus consists of those elements of the spacecraft required t o  ac- 

complish the t r a n s i t  phase and soft-landing on the lunar surface. The 

pr incipal  elements of t h i s  basic spacecraft bus a re  the spacecraft structure 

and landing gear, the power supply consisting of ba t te r ies  and so la r  c e l l s ,  

the 2M wideband telecommunications system, a multiple-mode guidance system, 

a cold gas att i tude-control system, and a propulsion system consisting of a 

so l id  rocket engine for  the main retro phase and small th ro t t lab le  l iquid 
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vernier engines f o r  midcourse velocity correction, main retro-thrust-vector 

control, and terminal descent decelerations. 

The weight of the spacecraft w i l l  range between 2100 and 2500 lbs., 

including up t o  345 lbs. of sc ien t i f ic  instruments. The spacecraft w i l l  

be injected into a lunar impact trajectory t o  yield a nominal 66-hour t r a n s i t  

t h e .  Midway i n  f l i g h t  a midcourse-trajectory-correction :'?.neuver w i l l  be 

performed t o  ensure a sat isfactory encounter with the Mopn. The terminal 

maneuver consists of orienting the spacecraft and f i r i n g  the main retromotor 

and vernier engines i n  a controlled manner, so as  t o  a r r ive  a t  the lunar surface 

a t  near zero velocity. 

Surveyor Orbiter: Much o f  the basic Surveyor technology and subsystems 

(e  .g. structure, guidance and control, telecommunications, e tc .  ) w i l l  be 

u t i l i zed  i n  the Surveyor Orbiter. This advanced spacecraft systea w i l l  provide 

an oriented space platform fo r  overall lunar reconnaissance and topographic 

mapping as well as preliminary selection of desirable s i t e s  fo r  subsequent 

Surveyor landings and l a t e r  manned landings. The Orbiter will a lso  f'unction 

as a long-life lunar space s ta t ion  t o  investigate and monitor the radiation 

environment and other physical parameters i n  the immediate v i c in i ty  of the 



- 1L - 

Moon. It w i l l  a l so  yield new knovledge on the s ize  and shape of the Moon,its 

mass distribution, and the properties of i t s  gravi ta t ional  f i e ld .  Studies have 

been made t o  ident i fy  the changes necessary t o  convert Surveyor soft-landing 

spacecralft into a lunar orb i te r  fo r  photographic reconnaissance ~ c i  iiijiie 

established the f e a s i b i l i t y  of t h i s  approach. It i s  expected tha t  implementa- 

t ion  of the development of the Surveyor Orbiter w i l l  be started shortly.  

Prospector Project 

The Prospector spacecraft w i l l  have the a b i l i t y  t o  land anywhere on the 

Moon, t o  inspect par t icu lar  areas pr ior  t o  landing, and t o  carry t o  the Moon 

a var ie ty  of mission payloads, such as roving lunar-surface exploration 

vehicles and lunar sample-return systems. In sdditlon t o  i t s  purely sc i en t i f i c  

f’unctions, Prospector w i l l  be capable of providing d i rec t  support f o r  manned 

landings on the Moon by performing detailed landing-site surveys, emplacing 

guidance aids, and monitoring the manned landings. The Prospector roving 

vehicle should be useable by manned expeditions as a remotely controlled scout 
I 

i n  potent ia l ly  hazardous areas, and to  extend the radius of exploration ac t iv i ty .  

The Prospector spacecraft w i l l  also be capable of providing log i s t i c  support both 
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pr io r  t o  and during manned operations on the Moon. Such support w i l l  include 

tmnsportation of supplies, equipment and she l te r  required f o r  the establish- 

ment of a lunar base, as well as any emergency resupply t o  the manned expedi- 

tion, should this  be necessary. 
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